INTRODUCTION
The surface-water hydrologic system within the Rio Grande flood plain in the Albuquerque, New Mexico, area has undergone many changes through the years. The Middle Rio Grande Conservancy District (MRGCD) was created in 1925 to control floods and lower the water table to prevent waterlogging of irrigated lands along the valley. The MRGCD constructed hundreds of miles of interior and riverside drains, levees, and irrigation diversion dams. The Albuquerque Metropolitan Arroyo Rood Control Authority (AMAFCA), created in 1963, constructed several detention dams and conveyance channels on the terraces and alluvial fans that the City of Albuquerque has developed (Crawford and others, 1993) . These structures constructed by the MRGCD and AMAFCA allow for runoff to be either directly or indirectly discharged into the Rio Grande and have complicated the interaction between the surface-water and ground-water systems. Further complicating this interaction between the surface-water and ground-water systems is the conversion of irrigated lands to urban development. A greater understanding of the surface-water hydrologic system needs to be established so that the City of Albuquerque can develop the most efficient and productive management of its water resources.
Purpose and Scope
This report presents a summary of surface-water discharge from the major surface-water components in the flood plain along a reach of the Rio Grande in the Albuquerque, New Mexico, area. Data used for the calculation of surface-water discharge were collected from August 1989 through February 1995. Also contained in this report are evapotranspiration rates calculated from three grass-covered areas and three bare-soil areas on the Rio Grande. Evapotranspiration rates are presented for 14 months from February 1990 through August 1991.
Physical Setting
The Albuquerque Basin, located in central New Mexico ( fig. 1) , covers approximately 3,060 square miles. The land-surface altitude in the basin ranges from about 6,500 feet above sea level in the northern part of the basin to about 4,800 feet in the southern part of the basin. The eastern boundary of the basin has the greatest topographic relief and is defined by the Sandia, Manzanita, Manzano, and Los Pinos Mountains. The western boundary has little topographic relief and is defined by Mesa Lucero, Sierra Lucero, and Ladron Peak. The convergence of the structural eastern and western boundaries forms the northern and southern boundaries.
The Rio Grande and its associated flood-plain deposits trend in a north-to-south direction in the central part of the Albuquerque Basin. The city of Albuquerque is on the east and west banks of the Rio Grande within the central part of the basin. Directly east of Albuquerque the Sandia Mountains rise to an altitude greater than 10,000 feet above sea level. West of Albuquerque the topography has an average altitude of more than 5,000 feet and is characterized as generally flat with several volcanic features and dune fields (Kernodle and others, 1987) . Thorn and others, 1993) .
Approach and Methods
Two east-west cross sections, located at the northern and southern boundaries of the study area, were established to make instantaneous surface-water measurements for the calculation of surface water discharge entering and exiting the study area. The northern boundary (north section) is an east-west line through the intersection of the Rio Grande with Paseo del Norte ( fig.  2; table 1 ). An east-west line through the intersection of the Rio Grande with Rio Bravo Boulevard is the southern boundary (south section). Surface-water measurements were made within a 10-hour period every 4 to 8 weeks at all measurement sites along the northern and southern boundaries of the study area. The day selected to make the surface-water measurements was based on the stability of flow in the Rio Grande that is, about 48 hours would elapse after a release of water from a major reservoir upstream from the study area and after any measurable precipitation within the Albuquerque area. All surface-water measurements were made by U.S. Geological Survey personnel using current meters as outlined in Buchanan and Somers (1984) , Kennedy (1984) , and Carter and Davidian (1989) . In addition to the instantaneous surface-water measurements made, continuous records of streamflow were available from three U.S. Geological Survey gaging stations on the Rio Grande in the study area (figs. 2-5).
The rate of evapotranspiration from three grass-covered and three bare-soil areas was calculated using a hemispherical chamber. The location of the site of the six evapotranspiration areas is shown in figure 2 ; distance between the individual areas varies from 100 to 150 feet. Descriptions of the six areas and the collection of data for the calculation of evapotranspiration rates are discussed in a subsequent section of this report. 
SURFACE-WATER DISCHARGE
Instantaneous surface-water measurements were made of the Rio Grande and all irrigation drains, laterals, canals, and ditches along the north and south sections. The north section had 10 measurement sites and the south section had 13 measurement sites ( fig. 2 ; table 1). The discharge was calculated for each site, and the sum of discharge for all sites along both the north and south sections represents the total surface-water discharge entering and exiting the study area, respectively (tables 2 and 3).
Rio Grande discharge and total surface-water discharge (total discharge) are shown in table 4 and figures 6 and 7. Discharge of the Rio Grande at the north section ranged from 22 to 5,900 cubic feet per second, and at the south section ranged from 21 to 6,060 cubic feet per second (table 4) . Also shown in table 4 and figures 6 and 7 are the differences in discharge between the north and south sections for both Rio Grande discharge and total discharge. Rio Grande discharge entering the study area was greater than Rio Grande discharge exiting the study area (negative difference) on 45 of 61 days; Rio Grande discharge entering the study area was less than that exiting the study area (positive difference) on 16 of the 61 days (table 4; figs. 6 and 7). Total discharge entering the study area was greater than that exiting the study area on 48 of the 59 days shown in table 4 and figures 6 and 7; 11 of the 59 days had lower total discharge entering the study area than total discharge exiting the study area. The total number of measurements of recorded Rio Grande discharge (61) differs from the total number of measurements of recorded total discharge (59) because on two different occasions (September 26, 1991, and February 19, 1992) no measurement was made at one of the sites, therefore a true total discharge could not be calculated (table 4) . Table 4 .--Surface-water discharge and differences between Rio Grande discharge and total discharge from the Paseo del Norte (north) section and the Rio Bravo Boulevard (south) sectionConcluded 
EVAPOTRANSPIRATION RATES
The evapotranspiration rates from six areas located at Paseo del Norte and the Rio Grande, between surface-water measurement sites 4 and 5 ( fig. 2) , ranged from 0.13 to 6.4 millimeters per day (table 5) . Three areas are covered with grass and three areas are bare soil ( fig. 8 ). These areas represent the evapotranspiration contribution of grass-covered and bare soil along the edge of the river. All six areas are located on the east side of the river along a line perpendicular to the river. Area 1 is closest to the river, 20 to 100 feet from the river edge, depending on the stage of the river at the time of data collection. Area 6, located the farthest distance from the river, is 700 to 800 feet from the river edge. Data were collected from February 23,1990 , through August 29, 1991 (table 5 and fig. 9 ).
Data were collected using a hemispherical chamber placed at each sampling area for 2-minute intervals ( fig. 8) . Wet-and dry-bulb temperatures were measured with a psychrometer mounted on the inside of the chamber. Two fans were also mounted on the inside of the chamber to create optimal air mixing during the measurement interval ( fig. 8 ). The wet-and dry-bulb temperatures were recorded every 2 seconds during the 2 minutes the chamber was on the sampling site. A Campbell 21X micrologger1 was used to record the date, time of day, and wetand dry-bulb temperatures. The sampling effort always began at area 1 and consecutively progressed to area 6. At the start of each area visit the fans mounted on the inside of the chamber were turned on for 10 to 15 seconds while holding the chamber 3 to 4 feet above ground. The data logger was then turned on and the chamber placed onto the ground, ensuring a proper seal between the ground and the rim of the chamber. At the end of the 2-minute interval the data logger was switched off and the chamber carried to the next area. Once all six areas were visited, 20 minutes would have elapsed before area 1 was revisited for the start of the second round of area visits. This sequence of area visits took place from sunrise to sundown.
From the wet-and dry-bulb temperature data, vapor density curves were constructed and evapotranspiration rates for each area were calculated (table 5) . For a complete understanding of data collection using the hemispherical chamber and calculation of evapotranspiration rates, the reader is referred to Stannard (1988) . Generally, the greatest evapotranspiration rates are associated with the bare-soil conditions of area 1 (table 5) . This area is closest to the river and the evapotranspiration rates are affected by an increase of soil moisture from the river-that is, the site was moist during most visits. Evapotranspiration rates from areas 5 and 6 are shown in figure 9. These two areas were selected to graphically compare the evapotranspiration rates between bare-soil and grass-covered areas that are farthest from the river and least affected by soil moisture contributed from the river. The grass-covered area generally has a greater evapotranspiration rate than the bare-soil area ( fig. 9) . The exception to this occurred on September 27, 1990; an improper seal between the ground surface and chamber could explain this exception.
Use of brand names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. 
